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ABSTRACT
Aims. The nature of Cygnus X-3 is still not understood well. This binary system might host a black hole or a neutron star. Recent
observations by INTEGRAL have shown that Cygnus X-3 was again in an extremely ultrasoft state. Here we present our analysis of
the transition from the ultrasoft state, dominated by blackbody radiation at soft X-rays plus non-thermal emission in the hard X-rays,
to the low hard state.
Methods. INTEGRAL observed Cyg X-3 six times during three weeks in late May and early June 2007. Data from IBIS/ISGRI and
JEM-X1 were analysed to show the spectral transition.
Results. During the ultrasoft state, the soft X-ray spectrum is well-described by an absorbed (NH = 1.5 × 1022 cm−2) black body
model, whereas the X-ray spectrum above 20 keV appears to be extremely low and hard (Γ ≃ 1.7). During the transition, the radio
flux rises to a level of > 1 Jy, and the soft X-ray emission drops by a factor of ∼ 3, while the hard X-ray emission rises by a factor of
∼ 14 and becomes steeper (up to Γ = 4).
Conclusions. The ultrasoft state apparently precedes the emission of a jet, which is apparent in the radio and hard X-ray domain.
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1. Introduction
The binary system Cygnus X-3 is one of the brightest objects
in the X-ray sky. It was discovered by one of the first X-ray
rocket experiments (Giacconi et al. 1967). Although one of the
longest known and brightest X-ray sources, its nature is still not
understood very well. The object is bright throughout the elec-
tromagnetic spectrum (e.g. McCollough et al. 1999) and is lo-
cated in the Galactic plane at a distance of 9 kpc (Predehl et
al. 2000). In this system, a donor star is orbiting a compact ob-
ject in a close orbit. The nature of the compact object is still
under debate, and it could be a black hole, an X-ray pulsar, or
a neutron star with a low magnetic field. Chandra observations
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indicate that the masses of the donor star and the compact ob-
ject are M ≤ 7.3M⊙ and M ≤ 3.6M⊙, respectively (Stark &
Saia 2003). Strong absorption features are observed throughout
the spectrum, which leads to the assumption that the system is
embedded in a dense wind coming from the donor, presumably
a massive, nitrogen-rich Wolf-Rayet star with huge mass loss
(van Keerkwijk et al. 1992). The light curve of the system shows
a 4.8hr quasi-sinosoidal modulation, present both in X-rays and
infrared (Goldoni et al. 2003).
Cygnus X-3 is also a bright radio source, with a quies-
cent flux < 100 mJy, a flux of 0.1 to 1 Jy during minor flares,
and more than 1 Jy in strong flares (McCollough et al. 1999).
The radio emission during strong flares appears to be corre-
lated to the hard X-ray emission, but anticorrelated with the
soft X-rays, whereas the situation is inverted during quiescence
(McCollough et al. 1999). As the source shows radio-jet like
structures during flares (Miller-Jones et al. 2004) and quasi-
periodic oscillations (van der Klis & Jansen 1985), Cygnus X-3
might be a microquasar.
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Fig. 1. Revolution 562 data. The combined spectral plot uses the
INTEGRAL JEM-X1 and IBIS/ISGRI data of Cygnus X-3 (χ2ν =
1.26).
Cygnus X-3 was studied by INTEGRAL (Winkler et al. 2003)
early during the mission (Vilhu et al. 2003). Lately, Cyg X-3
appeared again to be in an ultrasoft state with strong soft X-ray
but weak hard X-ray emission (Soldi et al. 2007). Here we report
on our detailed analysis of the ultrasoft state and its transition to
the “normal” low hard state.
2. Data analysis
INTEGRAL (Winkler et al. 2003) observed Cygnus X-3
several times after it reached the ultrasoft state in
May 2007 (Soldi et al. 2007). Data from the imager
IBIS/ISGRI (Lebrun et al. 2003) and the X-ray monitor
JEM-X1 (Lund et al. 2003) were analysed using the Offline
Standard Analysis package OSA 6 provided by the ISDC
(Courvoisier et al. 2003). Table 1 gives a list of the observations
performed.
JEM-X1 covered the position of Cyg X-3 only during rev-
olution 562 and detected the source within 6945s with a 175
sigma significance. The combined JEM-X1 and ISGRI spec-
trum in rev. 562 allows a detailed spectral modelling. The best-
fit results are achieved for an absorbed (NH = (1.5 ± 0.4) ×
1022 cm−2) blackbody (kT = 1.13 ± 0.01 keV) plus power law
with Γ = 1.8 ± 0.7 (1σ errors). The luminosity over the 2–60
keV range is LX = 1.1 × 1038 erg s−1, assuming a distance of 9
kpc (Predehl et al. 2000). With a flux in the 2–10 keV band of
fX = 1.1× 10−8 erg cm−2 s−1 and only fX = 10−10 erg cm−2 s−1 at
20-60 keV, Cyg X-3 was clearly in an ultrasoft state during this
observation. The spectrum of revolution 562 is shown in Fig. 1.
INTEGRAL observed the region several times over the fol-
lowing three weeks. The IBIS/ISGRI data can be fit in all cases
with a single power-law model. The fluxes, photon indices, and
luminosities based only on ISGRI data are given in Table 2. In
addition, we list there the fluxes taken from RXTE/ASM in the
2–10 keV range. The ASM count rates, based on the quick-look
results provided by the ASM/RXTE team, have been converted
assuming a Crab-like spectrum where the Crab has a flux of
f2−10 keV = 2.2 × 10−8 erg cm−2 s−1 (Kirsch et al. 2005). It has
to be taken into account, though, that the errors of the measure-
ments are likely to be underestimated for the following reasons,
as reported by the instrument team. A single elevation correction
Fig. 2. Revolution 567-569 data. The spectral plot uses the
INTEGRAL IBIS/ISGRI data of Cygnus X-3.
based on the 2–10 keV flux from the Crab nebula is used. This
elevation correction, however, has a spectral dependence be-
cause of increased low-energy absorption in the thermal shields
and counter windows. The sources of a different spectral shape
than the Crab’s, then, may well have greater scatter. Second,
the Cygnus region harbours the very bright and variable source
Cyg X-1, which might contribute to additional systematic error
in the ASM data. The results based on the INTEGRAL data revo-
lution 567-569 have been combined as there were no differences
within the error bars. In Fig.2 we show the IBIS/ISGRI spectrum
of revolution 567-569, which shows that Cygnus X-3 is indeed
in the low hard state again. The spectrum can be described by a
single power-law model with photon index Γ = 3.94 ± 0.03.
3. Discussion and conclusions
It is apparent that the transition from the ultrasoft state to the
low hard state is accompanied by a steepening of the high-
energy component. At the same time, the luminosity of this
component has increased by a factor of ∼ 14. A radio obser-
vation within the transition phase on 2007-06-01 (Trushkin et
al. 2007a) showed strong emission (> 1 Jy), which indicates in-
creased jet activity. The behaviour during this transition from
the ultrasoft to low hard states is comparable to what was re-
ported in January 2007 (Trushkin et al. 2007b). The ultrasoft
state is apparent during spacecraft revolutions 562 and 563, with
an energy output of E fE = 0.05 keV cm−2 s−1 in the 20 – 60
keV energy band. In revolution 564, we observed the onset of
the transition, with a steeper spectral slope in the hard X-rays
but still comparably low luminosity. Figure 3 shows the evo-
lution of the spectral slope and of the luminosity in the 20–60
keV energy band with time. In revolution 567, the low hard state
is reached and the ISGRI data can be modelled by a simple
power law with Γ = 3.94 ± 0.03. The low hard state has been
measured in this energy range before, e.g. by RXTE/HEXTE
(Choudhury & Rao 2002; Choudhury et al. 2002). The data
with higher significance allow them to apply a more com-
plex model, i.e. Comptonization of seed photons from a ther-
mal multi-coloured accretion disk by a thermal Comptonizing
plasma cloud (CompST; Sunyaev & Titarchuk 1980) with elec-
tron temperature kTe = 4.9 ± 0.1 keV and a single power law
with Γ = 2.01 ± 0.04. Although the ISGRI data are described
well by a simple power law with Γ = 3.9, we applied the
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Table 1. INTEGRAL observation log
Revolution Start time Stop time ISGRI exposure significance
[U.T.] [U.T.] [sec] [σ]
562 2007-05-21T09:45 2007-05-21T23:37 9557 5.2
563 2007-05-25T07:35 2007-05-26T21:43 51237 3.1
564 2007-05-27T08:53 2007-05-29T21:25 64319 5.8
567 2007-06-05T08:18 2007-06-07T21:35 39750 72.3
568 2007-06-08T08:08 2007-06-10T20:45 21750 56.9
569 2007-06-11T07:57 2007-06-12T02:40 21201 54.6
Table 2. INTEGRAL IBIS/ISGRI results
Revolution f20−40 keV f40−60 keV Γ L20−60 keV ASM flux (2-10 keV)
[ erg cm−2 s−1] [ erg cm−2 s−1] [ erg s−1] [ erg cm−2 s−1]
562 5.6 × 10−11 3.5 × 10−11 1.9 ± 0.9 8.8 × 1035 (7.22 ± 0.17) × 10−9
563 5.5 × 10−11 3.8 × 10−11 1.7 ± 1.0 8.9 × 1035 (8.30 ± 0.17) × 10−9
564 8.6 × 10−11 2.5 × 10−11 3.2 ± 0.6 1.1 × 1036 (7.73 ± 0.09) × 10−9
567-569 1.1 × 10−9 2.1 × 10−10 3.94 ± 0.03 1.3 × 1037 (3.49 ± 0.04) × 10−9
more complex model for comparison reasons, which results in
kTe = 5.2± 4.0 keV and Γ = 3.4± 1.0. When freezing the power
law to the value reported by Choudhury & Rao, the electron tem-
perature becomes kTe = 8.6 ± 2.1 keV. Thus, to explain the ob-
served ISGRI spectrum in terms of a Comptonization compo-
nent plus a power law, a stronger Comptonization component is
observed here than by RXTE/HEXTE in May 1998. It has to be
kept in mind, though, that the ISGRI data of the low hard state
alone are well-fit by a single power law and do not require more
complex modelling.
The actual transition from the high soft to the low hard state
took place during revolutions 565 and 566 as observed in the ra-
dio band. As we are missing the X-ray observation during this
period, we cannot say whether the source has undergone an in-
termediate state as described in Szostek & Zdziarski (2004). The
RXTE/ASM data show, however, that the transition has to be
rather smooth, as the 2–10 keV flux decreases gradually from
the ultrasoft state ( f2−10 keV = 8.3× 10−9 erg cm−2 s−1) to the low
hard state ( f2−10 keV = 2.5 × 10−9 erg cm−2 s−1).
Szostek & Zdziarski (2004) suggest that the transition from
the ultrasoft state to the low hard state is a transition in the hard
X-rays from a jet-dominated phase to thermal Comptonization.
In our observation, this would mean that we detect the emission
of the jet in the ultrasoft state in the hard X-rays as indicated by
Γ ∼ 2. During the transition the jet becomes more and more di-
luted by the onset of the strong thermal Comptonization compo-
nent, which we see in the steepening and brightening of the hard
X-ray spectrum. Rajeev et al. (1994) interpreted the transition
in terms of an increasing temperature of the black body com-
ponent, which is at the same time decreasing in size and whose
Comptonization region simultaneously is becoming more com-
pact and more opaque. Finally, the hard X-ray spectrum of the
low hard state can be fit by a model of almost pure Compton
reflection (Hjalmarsdotter et al. 2004, 2007).
The true nature of the compact object in Cygnus X-3 still
has to be determined. Hard X-ray observations, as provided by
INTEGRAL and simultaneous radio observations, are essential in
disentangling the four main components: the absorbing material
detectable in soft X-rays, the thermal (blackbody) component,
the jet, and the Comptonization component.
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